Methylmercury (MeHg) is a potent neurotoxin that biomagnifies in marine food-webs. 9
INTRODUCTION 25
Mercury (Hg) is a global pollutant adversely affecting human and wildlife health due to its 26 toxicity and distribution in the environment. 1 Various processes, both natural and 27 anthropogenic, lead to the release of primarily inorganic Hg (IHg), which can undergo 28 methylation resulting in formation of neurotoxic monomethylmercury (MeHg). While both IHg 29 and MeHg can be taken up by biota, only MeHg bioaccumulates in aquatic food webs.
1,2

30
The primary pathway for MeHg production is microbial Hg methylation, 3 and a bacterial gene 31
cluster associated with such methylation (hgcAB) has recently been discovered. 4, 5 It was 32 previously thought that mainly sulfate-(SRB) and iron-(FeRB) reducing bacteria methylate Hg 33 in anoxic conditions. 6-8 However, the hgcAB gene cluster has been identified in a variety of 34 methanogens and syntrophic, acetogenic, and fermentative Firmicutes indicating a broader 35 phylogenetic representation of Hg methylators. 9 Recently, clade-specific quantitative PCR 36 (qPCR) assays were developed to quantify the abundance of hgcA gene of the main 37 methylators. 10 Hence, hgcAB and hgcA distribution can be used to predict occurrence of 38 potential Hg methylators in the environment 11 ; moreover, the association between abundance 39 of hgcA and the rate of mercury methylation were found to be strong and present in different 40 environments. 10 Thus, understanding hgcAB and hgcA distribution is essential for estimating 41
MeHg production in the water column and biomagnification in food webs. France). The animals were sacrificed after reaching a body length of ~2 mm and treated in the 103 same way as the zooplankton samples. As no positive amplification was ever produced in the 104 reference samples with Artemia guts (3 replicates, 25 guts sample -1 ), we consider bacterial 105 contamination during sample preparation to be either negligible or non-existent. 106
107
DNA extraction 108
From each specimen, the gut was excised with a sharp needle, a pair of ultrafine forceps and a 109 dissecting microscope; the instrumentation and glassware were sterile. In total, 36 samples, 110
25-50 guts sample -1 , were prepared ( (Tables S2-S3 ). The standards 122 were cloned into plasmids and applied in five-step tenfold serial dilutions, 1.5×10 6 to 1.5×10 2 123 apparent copies of target DNA per reaction (Table S4 , Figure S2 ). The qPCR primers and 124 amplification conditions 10 (Tables S3 and S4) were used for all test samples, reference 125 samples, NTC and standards. Under these conditions, qPCR yielded a single product in each 126 standard and in the test samples within an assay ( Figure S3 ). No product was produced in the 127 reference samples and NTC (non-template control) within the assay range (30 cycles). 128
129
Data analysis 130
The number of hgcA copies detected by qPCR was used to calculate the number of hgcA copies 131 per individual and per µg of zooplankter wet weight (i.e., weight-specific number of Hg 132 methylators); individual zooplankter weights 23 were used for these calculations. Due to 133 substantial variations in the amplification efficiency and detection limits for these qPCR assays 134 among different bacterial strains (efficiency: 60 to 90%, detection limits: 10 2 to 10 6 hgcA 135 copies) 10 , any statistical comparisons between species/sites were not meaningful 24 . Therefore, 136 we consider our results largely descriptive, indicative of the presence/absence of hgcA and, to 137 a lesser extent, of the interspecific or geographical variation. 138 139
RESULTS AND DISCUSSION 140
All four copepod species were tested positive for hgcA genes (Figure 1 ), whereas no positive 141 amplification was observed for the two cladocerans. Among the clades tested, the hgcA genes 142 of only Deltaproteobacteria and Firmicutes, but not Archaea, were found in the copepod guts. 143
Although there was a substantial imbalance in the sampling effort between copepods and 144 cladocerans (25 vs. 8 samples; Table 1), the occurrence of hgcA-positive samples for copepods 145 only is suggestive of a difference. However, the between-clade differences given the variability 146 in the limit of quantification between Archaea and the other two clades, and, to a lesser extent, 147
between Deltaproteobacteria and Firmicutes (Table S4) should be treated as indicative. 148
Moreover, although Archaea are commonly reported to occur in zooplankton guts, 25 the 149 contribution of this group can be low compared to bacteria. 26 This may have contributed to the 150 lack of hgcA-positive amplification. Also, considering the variability in the amplification 151 efficiency among bacteria 10 and unknown composition of the hgcA-positive microbiota, only 152 rough interpopulation comparisons are possible. However, the overall findings suggest that 153 microbiota of zooplankters carries hgcA genes and thus may be capable of Hg methylation. 154
Whether bacteria-driven Hg methylation in zooplankton guts takes place depends not only on 155 the occurrence of hgcA-carrying bacteria but also on the functional performance of these 156 bacteria. To assess the hgcA expression, an analytical effort is required using available 157 molecular tools, such as RT-qPCR, RNA sequencing, and RNA-SIP. Furthermore, a better 158 understanding of community structure is needed. Although our results do not provide any 159 taxonomic identification of the bacteria involved, the observed prevalence of Firmicutes among 160 the hgcA-carriers (Figure 1 ) agrees well with a relatively high abundance of this bacterial group 161 in the microbiome of other copepods. [27] [28] [29] In future studies, a 16S rRNA gene diversity profiling 162
and hgcAB amplification with high-throughput sequencing should be combined with hgcA 163 quantification.
11 Broad-scale zooplankton sampling, including seasonal, spatial and vertical 164 coverage, should provide material for such an evaluation. 165
If gut Hg methylation occurs, zooplankton may serve as a primary MeHg entrance point of 166
global significance and affect variability in MeHg transfer to secondary consumers.
3 A mass-167 balance budget for the herbivourous marine copepod Calanus hyperboreus suggested that 168 endogenous Hg methylation could account for up to 70% of the annual MeHg uptake in this 169 copepod. 30 If these estimates are correct, they might explain why reported drivers of MeHg 170 variability are often contradictory. Indeed, MeHg concentrations in herbivorous zooplankton 171 vary among taxa, 31 ,32 demographic population structure 33 and growth stoichiometry. 34 In wild 172 populations, however, these factors are difficult to disentangle, 35 partly due to their ultimate 173 dependence on body size. Todorova et al. 35 speculated that higher bioaccumulation of MeHg in 174 larger species resulted from higher filtration efficiency being a function of body size, whereas 175 Kainz et al. 32 attributed this size dependence to large zooplankton having larger anaerobic 176 intestinal niches, where Hg methylation can take place. 36 We found that larger copepods (but 177 not equally large Cercopagis) carried a greater number of hgcA copies, and not only in terms 178 of the individual-(thus supporting the view of Kainz et al. 32 ) but also weight-specific values; 179 the latter implies phylogenetic differences. In the large-bodied L. macrurus and P. acuspes, our 180 estimate of hgcA genes yeilded up to 10-fold higher values compared to the small-bodied A. 181 bifilosa and E. affinis, with the difference being most pronounced for Firmicutes (Figure 1) . 182
The group-specific variability may affect spatial and seasonal contribution of endogenous 183
MeHg to secondary consumers, because different zooplankton groups that vary in their ability7 to methylate Hg would have different capacity to contribute MeHg to bulk zooplankton. For 185 example, the relative importance of gut Hg methylation and MeHg uptake by zooplankton 186 would increase in winter due to the higher contribution of copepods to bulk zooplankton 187 biomass. 37 
188
The gut of copepods is likely to have anoxic conditions (at least in some species) 36 and thus a 189 suitable habitat for methylating microbes. Notably, the morphology of cladoceran gut 190 predisposes it to active oxygenation, and gut microbiota in these animals is dominated by clones 191 affiliated to aerobic or facultative anaerobic bacteria, 38 which may explain the lack of the 192 positive hgcA amplification in our cladoceran samples. Hg methylating genes have been 193 detected in invertebrate microbiota, including termites, beetles, and oligochaetes, 4,15 and in 194 some invertebrates the endogenous MeHg production has been documented. 39 As a life form, 195
intestinal microbiota exists in biofilms, and such communities are increasingly recognized as 196 important sites for environmental Hg methylation. 40, 41 Commensal biofilms are present in both 197 planktonic and benthic animals that actively exchange gut and body-surface microbiota with 198 the ambient microbial communities and other animals. 42 We found no hgcA genes in the gut of 199 the predatory Cercopagis pengoi, which may indicate that the digestive system of predators 200 with this feeding mode (puncturing exoskeleton of planktonic crustaceans and sucking soft 201 body tissues) is less likely to become populated by methylating bacteria compared to filter-202 feeders that have a more active exchange with diverse microbial communities of seston. 203
The presence of Hg methylating bacteria in copepod guts and, hence, in their carcasses and 204 fecal pellets, could be an important and yet unquantified source for MeHg production in the 205 water column. 43 Remineralization of organic matter is associated with elevated MeHg 206 production, 43, 44 and Hg methylation potential is higher in fresh organic matter than in 207 decomposed material. 8, 44 Zooplankton fecal pellets, a considerable fraction of marine organic 208 matter, are almost completely remineralized in the water column, while degraded 209 phytoplankton and terrestrial organic matter aggregates are more likely to reach the sea floor. 
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There are no conflicts of interest to declare. 234 235 Table 1 . Summary of zooplankton samples used for qPCR analysis. Samples were taken by vertical tows with a WP2 net (mesh size 90 or 100 μm; diameter 57 cm) equipped with a cod end. At some stations, bottom to surface tows were taken, and at others, we used either stratified tows or sampled only an upper part of the water column. Species abbreviations for copepods: Acartia bifilosa (Ab, adults), Eurytemora affinis (Ea, where n = 4) in the Baltic copepods collected in different areas, ordered south to north; see Table 1 
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